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© Relay for wideband signals. 



© A relay for wideband signals is provided having 
a rotor which includes a permanent magnet struc- 
ture, an armature, and a microstrip pattern for selec- 
tively engaging microstrip patterns on a substrate 
and having a stator which includes an electromagnet. 
To minimize wear, while maintaining high frequency 
performance, the rotor is raised, rotated, and lower- 
ed by a stator or electromagnet onto the new posi- 
tion relative to the substrate microstrip pattern. In a 
first stable state the electromagnet is inactive and 
the rotor engages the substrate microstrip pattern in 
a first position. To place the relay in a second stable 
state, the electromagnet is energized which simulta- 
neously attracts the armature, raising the rotor, as 
well as repulsing the permanent magnet structure. 

^jThe rotor then rotates to the desired second position 

^and the electromagnet is inactivated. The rotor then 
. lowers and engages the substrate microstrip pattern 

ggin a second position. 
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RELAY FOR WIDEBAND SIGNALS 



Background of the Invention 



The present invention relates to relays, and 
more particularly to relays capable of maintaining a 
characteristic impedance at microwave frequencies. 

A type of relay currently used in microwave 
applications uses a wiper having a contact trace 
pattern to provide an electrical connection with a 
contact trace pattern on a substrate. Such a micro- 
wave relay is disclosed in a copending patent 
application number 06/728,130 to Greliman, et al, 
entitled "Integrated Pad Switch". Specifically, FIG. 
3 of Greliman discloses a substrate having a micro- 
strip line pattern and a wiper having a contact trace 
pattern. Rotating the wiper causes the contact trace 
pattern to establish a different electrical connection 
with the contact trace pattern on the substr^e. This 
type of switch has excellent high frequency char- 
acteristics and may be used in attenuator circuits 
or the like. 

The problem with such prior art relay struc- 
tures lies in the wiper which slides across the 
substrate as the various electrical connections are 
formed. In order to have a long operational life and 
low operating forces, the surfaces of the wiper and 
the substrate must be very smooth, hard and have 
low friction. Most common substrates found in hy- 
brid circuits are ceramic and hard, but not smooth, 
and therefore have relatively high coefficients of 
friction. A fundamental tradeoff exists between low 
resistance electrical connections and long oper- 
ational life. That is, a low resistance electrical con- 
nection requires large normal forces to minimize 
contact resistance which leads to excessive wear 
and short operational life, whereas long operational 
life mandates small normal forces which produces 
a poor electrical connection. 

Therefore, what is desired is a microwave relay 
which has excellent frequency characteristics, yet 
achieves this performance without excessive wear 
between the wiper and the substrate, leading to 
long operational life. 

Summary of the Invention 

In accordance with the present invention, a 
relay for wideband signals is provided having a 
rotor which includes a microstrip pattern for selec- 
tively engaging microstrip patterns on a substrate. 
To minimize wear, while maintaining high frequen- 
cy performance, the rotor is raised, rotated, and 
lowered onto the new position relative to the sub- 



strate microstrip pattern. 

In a preferred embodiment, the substrate in- 
cludes a ground plane and a set or pattern of 
traces which form microstrip transmission lines of a 

5 desired characteristic impedance. The pattern of 
traces includes a main trace having a gap, and first 
and second pairs of contact traces. Coupled to the 
substrate is a C-shaped stator or electromagnet 
including two pole pieces, a core pin, and a coil. 

70 Within the gap of the stator is a rotor which in- 
cludes a pattern of contact traces on a dielectric for 
engaging the pattern of traces on the substrate. 
The rotor also includes a cruciform permanent 
magnet structure coupled to an armature. These 

75 two elements are separated from the dielectric by 
an elastomer layer. 

In a first stable state the electromagnet is inac- 
tive and the rotor engages the substrate microstrip 
pattern in a first position, routing the main trace to 

20 the first pair of contact traces. To place the relay in 
a second stable state, the electromagnet is en- 
ergized which simultaneously attracts the armature 
as well as repulsing two arms of the permanent 
magnet structure, thus raising the rotor. The repul- 

25 sion, in conjunction with an attraction of the remain- 
ing two arms causes the rotor to rotate to the 
desired second position and the electromagnet is 
inactivated. The rotor then lowers and engages the 
substrate microstrip pattern, routing the main trace 

30 to the second pair of contact traces. 

It is therefore an object of the present invention 
to provide a relay which sustains long operational 
life while maintaining microwave frequency perfor- 
mance. 

35 

Brief Description of the Drawing 



40 FIG. 1 is an exploded view of the relay 

according to the present invention. 

FIG. 2 is a schematic diagram showing the 

rotor trace pattern engaging the substrate trace 

pattern in two stable states. 
<*5 FIG. 3 is a cutaway view of the assembled 

relay according to the present invention. 

Detailed Description 

50 

The wideband relay 10 according to the 
present invention is shown in FIG. 1. A substrate 
1 2 is depicted which may be a conventional hybrid 
substrate, a circuit board, or any mounting surface 
for microstrip traces. A main trace 16 is desired to 
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be routed to a first pair of traces 14 or a second 
pair of traces 18. The first pair of traces 14 or 
second pair of traces 18 may be terminated in a 
short circuit or an attenuator circuit or any circuit 
which is desired to be placed in series with the 
main trace 16. 

A stator is aJso shown in FIG, 1 which includes 
a housing 35, two poles pieces 34, a coil 38 and a 
core pin 36. The coil is wrapped around core pin 
36. and together with the magnetic pole pieces 
forms an electromagnet. When the stator is assem- 
bled and energized, a north and south magnetic 
pole form at the ends of pole pieces 34 which are 
not attached to the core pin 36. The same ends of 
pole pieces 34 form a pole gap into which the rotor 
is inserted. Stop pins are attached to the substrate 
12 to prevent further rotation of the rotor which will 
be described beiow. 

The housing 35 serves to locate and rigidly 
mount the entire substrate assembly to the sub- 
strate. This, in turn, ensures that the pole gap is 
symmetrically aligned with , the axle. The housing 
35 may be constructed such that it includes a 
ledge or step to limit rotation and thus serve the 
same function as the stop pins 20. 

A rotor is also shown in FIG. 1 which includes 
a cruciform permanent magnet structure 32, a 
spacer 30. a magnetic armature 28, an elastomer 
layer 26, and a flexible dielectric layer 24, which 
contains a contact trace pattern (shown through the 
flexible dielectric layer 24) for engaging the contact 
trace pattern on the substrate. Upon assembly, 
each of these elements is joined together, and the 
entire rotor assembly is rotatably mounted to an 
axle 22, the axle being mounted to the substrate 
12. The cruciform permanent magnet structure in- 
cludes four "arms", each of which is a permanent 
magnet, arranged axially. The magnets are ar- 
ranged in diagonally opposite pairs, and the angle 
between each of the pairs is less than 90 degrees. 
Each magnet in the pair is arranged axially, but 
with opposite north and south poles. Opposing 
magnets are also arranged axially, with opposite 
north and south poles. Attached to the permanent 
magnet structure 32 is a spacer 30 which maintains 
the proper level of the permanent magnet structure 
32 relative to the pole pieces 34. A magnetic 
armature 28 is attached to the spacer 30. Both the 
permanent magnetic structure 32 and the magnetic 
armature 28 interact with the stator to produce the 
raising, rotating, and lowering of the rotor, which 
will be described below. An elastomer layer 26 is 
interposed between the magnetic armature 28 and 
a flexible dielectric 24 containing a pattern of con- 
tact traces for engaging the contact traces on the 
substrate 12. The purpose of the elastomer layer 
26 is to provide a low dielectric constant mechani- 
cal connection while compensating for any slight 



imperfections or lack of alignment in the assembly. 

The switching of the relay is controlled by 
magnetic forces generated by the stator which op- 
erate on the rotor. In a first stable state, the stator 
5 is inactivated and the contact trace pattern on the 
dielectric layer 24 is in electrical connection with 
the contact trace pattern on the substrate 12 such 
that the main trace 16 is routed through the first 
pair of contact traces 14. In this first position, the 
70 spacer 30 is designed to place the cruciform per- 
manent magnet structure 32 just above the ends of 
the pole pieces 34. The cruciform permanent mag- 
net structure 32 is strongly attracted to the pole 
pieces 34. which pulls the entire rotor assembly 
75 down, compressing the elastomer layer 26 and 
bringing the contact traces of the dielectric layer 24 
and the contact traces of the substrate 12 into 
electrical connection. Energizing the stator with a 
current flowing in the appropriate direction causes 
20 a repulsive force between the permanent magnetic 
structure 32 and the pole pieces 34 and, simulta- 
neously, an attractive force between the pole 
pieces 34 and the magnetic armature 28. The 
interaction of these two forces causes the rotor to 
25 rise, breaking the electrical connection between the 
contact traces on the substrate 12 and the contact 
traces on the dielectric layer 24. The magnetic 
force exerted by the pole pieces 34 and the acute 
angle between magnet pairs in the permanent 
30 magnet structure 32 cause the rotor to simulta- 
neously rotate. The rotor rotates until the perma- 
nent magnet structure 32 has become aligned with 
the next magnet in the pair. However, such rotation 
is prematurely terminated by stop pins 20. This 
35 termination assures precise alignment. As long as 
the stator is energized, a downward force exists 
between the permanent magnet structure 32 and 
the pole pieces 34 and an upward force exists 
between the pole pieces 34 and magnetic armature 
40 28. The dimensions of the relay, particularly the 
length of the spacer 30, are such that the upward 
force exceeds the downward force in order that the 
rotor stays elevated as long as current is main- 
tained in the coil. When the current is removed, the 
45 rotor, now in a second position, is again pulled 
down by the attractive force of the permanent 
magnet structure 32 to the pole pieces 34. In this 
second stable state, the elastomer layer 26 is once 
again compressed, and the contact traces of the 
so dielectric layer 24 and the substrate 12 are in 
electrical connection, but in a different orientation. 

The electrical connection in each of the stable 
states (no current flow in the coil) is shown in FIG. 
2. The main trace 16, first pair of contact traces 14, 
55 second pair of contact traces 18 and stop pins 20 
are shown as in FIG. 1. However, only the outline 
of the rotor is shown which reveals the contact 
trace pattern 24'. Note that this contact pattern is 
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comprised of three separate traces, each at an 
angle of 60 degrees from the other two. This angle 
need not be limited to 60 degrees, especially if it is 
undesirable to short out the circuit which is not 
coupled to the main trace. A better understanding 
of the switching action of the rotor may be obtained 
from studying the trace patterns of FIG. 2. In the 
first stable state the trace pattern 24 of the rotor 
makes an electrical connection with the first pair of 
contact traces 14 which in turn connects circuit 40 
in series relation with the main trace 16. Circuit 42 
is ^s^nnnected from main trace 16. and the sec- 
ond pair of contact traces 18 is shorted by the 
dielectric trace pattern 24'. Notice that the rotation 
of the rotor trace pattern 24' has been limited by 
stop p : ns 20. Similarly, FIG. 2 also shows a relay in 
the second stable state. The trace pattern 24' is 
shown to make an electrical connection with the 
second pair of contact traces 18 which in turn 
connects circuit 46 in series relation with the main 
trace 16. Circuit 44 is now disconnected from main 
trace 16. and the second pair of contact traces 14 
is shorted by the dielectric trace pattern 24'. Notice 
that the rotation of the rotor trace pattern 24' has 
been limited by stop pins 20, but in the opposite 
direction. 

The assembled wideband relay 10 is shown in 
FIG. 3. The proper relation of the rotor and stator 
are clearly shown. The cruciform permanent mag- 
net structure 32 is shown above the pole pieces 
34. with the housing 35 and one. pole piece 34 
being cut away to reveal the space necessary for 
proper operation. The magnetic armature 28 and 
dielectric 24 are shown below the pole pieces 34 
and separated by the spacer 30. 

To achieve maximum performance it may be 
desired to alter the basic wideband relay structure 
shghtJy. To compensate for the effective dielectric 
constant of the elastomer layer, it may be desirable 
to narrow the contact traces on the dielectric 24. 
and the contact traces on the substrate which are 
underneath the dielectric 24. To achieve a small 
amount of contact wipe, it may be desirable to tilt 
the stop pins 20 slightly. This will cause the rotor 
to turn as it moves into either of the closed contact 
positions. Finally, in order to reduce contact resis- 
tance and improve contact reliability, it may be 
desirable to bond a short piece of small diameter 
contact wire perpendicularly and at the edge of the 
stator and rotor contacts to form a cross-bar con- 
tact structure. 

Having described and illustrated the principles 
of my invention with reference to a preferred em- 
bodiment and variations thereof, it should be appar- 
ent to those skilled in the art that the invention may 
be modified in arrangement and detail without de- 
parting from those principles. I claim all modifica- 
tions that are within the scope and spirit of the 



following claims. 



Claims 

5 

1 . A relay for wideband signals comprising: 

a. a stator attached to a mounting surface, 
the mounting surface having a first pattern of con- 
tact traces; 

'0 b. a rotor rotatably attached to the mounting 

surface, said rotor containing a second pattern of 
contact traces, such that the first pattern of contact 
traces is coupled to the second pattern of contact 
traces in a first stable state; and 

is c. means for raising, rotating, and lowering 

said rotor such that the first pattern of contact 
traces is coupled to the second pattern of contact 
traces in a second stable state. 

2. A relay for wideband signals as in claim 1 
20 wherein the stator comprises: 

a. a pair of pole pieces; 

b. a core pin attached at each end to one of 
said pair of pole pieces; and 

c. a coil surrounding said core pin. 

25 3. A relay for wideband signaJs as in claim 1 

wherein the rotor comprises: 

a. a cruciform permanent magnet structure; 

b. a magnetic armature attached to said per- 
manent magnet structure; and 

30 c. a dielectric containing the second pattern 

of contact traces, said dielectric being attached to 
said magnetic armature. 

4. A relay for wideband signals as in claim 3 
wherein the cruciform permanent magnet structure 

35 comprises a first pair of permanent magnets whose 
magnetic poles are arranged axiaJly, and a second 
pair of permanent magnets whose magnetic poles 
are arranged axially. but of opposite polarity. 

5. A relay for wideband signals as in claim 3 
40 further comprising an elastomer interposed be- 
tween said magnetic armature and said dielectric. 

6. A relay for wideband signals as in claim 3 
wherein the mounting surface includes a pair of 
stop pins. 

45 7. A relay as in claim 6 wherein the magnetic 

armature further comprises a projection for engag- 
ing the stop pins. 

8. A relay for wideband signaJs as in claim 1 
wherein the first pattern of contact traces corn- 
so prises: 

a. a main trace having a gap; 

b. a first pair of contact traces proximate to 
the gap; and 

c. a second pair of contact traces proximate 
55 to the gap. 

9. A relay for wideband signaJs as in claim 8 
wherein the second pattern of contact traces com- 
prises three separate contact traces placed at pre- 



iOOCJD: <EP 



0352884A2_I_> 



EP 0 352 884 A2 



determined angles in relation to each other, such 
that the main trace is coupled to the first pair of 
contact traces in the first stable state and the main 
trace is coupled to the second pair of contact 
traces in the second stable state. 5 

10. A relay for wideband signals as in claim 1 
wherein the second pattern of contact traces com- 
prises three separate contact traces placed at pre- 
determined angles in relation to each other. 

1 1 . A relay for wideband signals as in claim 1 w 
wherein the means for raising, rotating, and lower- 
ing said rotor comprises an electromagnet integral 

to said stator, a cruciform magnetic structure and a 
magnetic armature attached to said rotor, and en- 
ergizing and subsequently inactivating the elec- 75 
tromagnet 

12. A relay for wideband signals comprising: 

a. a stator having an electromagnet, said 
stator being attached to a mounting surface, the 
mounting surface having a main contact trace hav- 20 
ing a gap, and first and second pairs of contact 
traces proximate to the gap; and 

b. a rotor which is rotatabie about a central 
axle, the axle being attached to the mounting sur- 
face, having 25 
a cruciform permanent magnet structure having a 

first pair of permanent magnets whose magnetic 
poles are arranged axially and a second pair of 
permanent magnets whose magnetic poles are ar- 
ranged axially, but of opposite polarity. 30 
a magnetic armature attached to the cruciform per- 
manent magnet structure, and 
a dielectric attached to the armature containing a 
predetermined contact trace pattern, 

c. means for raising, rotating, and lowering 35 
said rotor including energizing and inactivating the 
electromagnet such that the main contact trace is 
coupled to the first pair of contact traces in a first 
stable state, and the main contact trace is coupled 

to the second pair of contact traces in a second m 
stable state. 

13. A relay for wideband signals as in claim 12 
wherein the rotor further comprises an elastomer 
interposed between the magnetic armature and the 
dielectric. 45 
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© A relay for wideband signals is provided having 
a rotor which includes a permanent magnet struc- 
ture, an armature, and a microstrip pattern for selec- 
tively engaging microstrip patterns on a substrate 
and having a stator which includes an electromagnet 
To minimize wear, while maintaining high frequency 
performance, the rotor is raised, rotated, and lower- 
ed by a stator or electromagnet onto the new posi- 
tion relative to the substrate microstrip pattern. In a 
first stable state the electromagnet is inactive and 
the rotor engages the substrate microstrip pattern in 
a first position. To place the relay in a second stable 
state, the electromagnet is energized which simulta- 
neously attracts the armature, raising the rotor, as 
well as repulsing the permanent magnet structure. 
The rotor then rotates to the desired second position 
and the electromagnet is inactivated. The rotor then 
lowers and engages the substrate microstrip pattern 
in a second position. 
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